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(54) Aquarium lighting system

(57) An illumination system (4; 104; 204) for illumi-
nating an underwater space (2) is presented. The sys-
tem comprises an elongated flexible electroluminescent
light source (6; 106; 206) located substantially inside the
underwater space and a power supply unit (8) located
outside the underwater space. The power supply unit is
connected to one end (6A) of the electroluminescent
light source. At least this one end of the light source,

which is connected to the power supply unit, is located
outside the underwater space. The light source has at
least one light-emitting element (14) located inside an
inner insulating sheath (16), and has an outer insulating
sheath (18). The inner insulating sheath and the outer
insulating sheath are separated by a continuous air gap
(20) coupled to an air region (24) outside the underwater
space. This prevents the light source from being affect-
ed by water, and thereby from the reduction of its lifetime
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Description

FIELD OF THE INVENTION

[0001] This invention is generally in the field of deco-
rative illumination, and relates to an underwater illumi-
nation system, which is particularly useful for aquarium
illumination.

BACKGROUND OF THE INVENTION

[0002] The decorative illumination of aquariums has
been widely used, often employing simple heating
lamps or fluorescent lamps accommodated above wa-
ter. These techniques are disclosed, for example, in U.
S Patents Nos. 3,908,598; 4,516,529; and 5,353,746.
However, it was found that the bright illumination pro-
duced by these lamps could cause damage to some
kinds of aquarium fish, affect their natural colors, and
may cause the discoloration of various colored elements
in the aquarium.
[0003] There is a great variety of systems utilizing
standard lamps for underwater illumination. Unfortu-
nately, these systems are bulky, owing to the unavoid-
able requirement for a suitable means to prevent the
penetration of water into the regions of electrical con-
tacts. This makes such systems unsuitable for decora-
tive illumination.
[0004] Illumination systems based on LEDs have
been developed, being disclosed, for example, in U.S.
Patent Nos. 5,211,469 and 5,848,837. Notwithstanding
the fact that these systems are more miniature than
those based on the standard lamps, they suffer from the
point-like nature and non-isotropic illumination of LEDs.
Additionally, the use of LEDs requires electrical contacts
to be located under water which, in turn, requires the
provision of a special means for preventing water from
penetrating the contact region.
[0005] Systems for decorative illumination of aquari-
ums utilizing optical fibers as light sources have been
developed, and are disclosed, for example, in U.S. Pat-
ents Nos. 3,749,901; 3,609,343; 5,067,059 and
5,546,289. These systems suffer from the drawback as-
sociated with the need for a bulky assembly aimed at
inputting light into the optical fibers. Such an assembly
typically comprises an external light source (i.e., lamp),
a drive for rotating spectral filters, etc. Additionally, op-
tical fibers are not sufficiently flexible, and provide the
entire radiation output at the butt of the fibers only, that
actually make them point-like light sources.

SUMMARY OF THE INVENTION

[0006] There is accordingly a need in the art to facili-
tate aquarium decorative illumination by providing a
novel method and system for decorative underwater il-
lumination.
[0007] The main idea of the present invention is based

on the use of flexible, elongated light sources of a de-
sired length, such as electroluminescent strips or fila-
ments. Due to their high flexibility, such light sources can
be desirably patterned within the under water space and
coupled to a power source located outside this space.
[0008] It has been found by the inventors that in order
to prevent a decrease in the lifetime of these light sourc-
es, the average relative moisture of the surrounding me-
dium should be maintained at a level less than 70%. To
this end, an emitting element of the light source is coated
by inner and outer insulating sheaths, which define a
continuous air gap therebetween. The air gap freely
communicates with an air medium surrounding the un-
derwater space. The air circulation through this gap will
carry away the molecules of water that might have
passed through the outer insulating sheath, and bring
them outside the air gap. thereby preventing an increase
in the average relative moisture in the vicinity of the inner
insulating sheath.
[0009] There is thus provided according to one aspect
of the present invention, an illumination system for illu-
minating an underwater space, the system comprising
a light source accommodated substantially inside said
underwater space, and a power supply unit accommo-
dated outside said underwater space and connected to
the light source, the system being characterized by that:

- said light source is an elongated flexible electrolu-
minescent light source, which has at least one light-
emitting element located inside an inner insulating
sheath, and has an outer insulating sheath, wherein
the inner insulating sheath and said outer insulating
sheath are separated by a continuous air gap cou-
pled to an air region outside the underwater space;

- said power supply unit is connected to one end of
the electroluminescent light source, wherein at
least said one end of the light source is located out-
side said underwater space.

[0010] The at least one light emitting element may be
in the form of a substantially flat strip having at least one
light-emitting surface, or in the form of a filament emit-
ting light in all directions.
[0011] An opposite end of the light source may be lo-
cated either inside or outside the underwater space. The
end of the light source located inside the underwater
space is hermetically sealed from the penetration of wa-
ter into the air gap. If the opposite end of the light source
is located outside the underwater space, this end of the
light source is opened for connecting the air gap with
the air region outside the space. A compressor may be
provided outside the underwater space for intensifying
air circulation within the gap.
[0012] The electroluminescent light source may com-
prise more than one light-emitting element, and may
therefore be either single or multi-colored, which signif-
icantly amplifies the effect of decorative illumination.
Each of the light-emitting elements has its own inner in-
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sulating sheath, while the outer insulating sheath of the
light source is common for all the light-emitting ele-
ments.
[0013] The outer insulating sheath may be integral
with the at least one light emitting element, in which case
the light source is non-detachable. The outer insulating
sheath may be in the form of a substantially flexible sub-
stantially transparent tube having a cross-section such
as to be mounted on and removed from an inner side of
the light source. In this case, the light source is detach-
able.
[0014] Preferably, the system also comprises a mois-
ture absorber accommodated inside the outer insulating
tube.
[0015] More specifically, the present invention is used
for decorative illumination of aquariums, and is therefore
described below with respect to this application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In order to understand the invention and to see
how it may be carried out in practices a preferred em-
bodiment will now be described, by way of non-limiting
example only, with reference to the accompanying
drawings, in which:

Fig. 1 is a schematic illustration of an aquarium
equipped with an illumination system constructed
according to one embodiment of the invention;
Fig. 2 schematically illustrates one example of a
light source suitable for use in the illumination sys-
tem of Fig. 1;
Fig. 3a and 3b schematically illustrate two more ex-
amples of the light source suitable for use in the il-
lumination system of Fig. 1;
Fig. 4 illustrates another example of the light source
of the illumination system of Fig. 1 comprising a
moisture absorber;
Fig. 5 illustrates yet another example of the light
source having several light-emitting elements;
Fig. 6 is a schematic illustration of an aquarium
equipped with an illumination system constructed
according to another embodiment of the invention;
and
Fig. 7 is a schematic illustration of an aquarium
equipped with an illumination system according to
yet another embodiment of the invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

[0017] Referring to Fig. 1, there is illustrated an aquar-
ium 1 partly filled with water defining an underwater
space 2, and an illumination system, generally desig-
nated 4. The system 4 includes an elongated flexible
electroluminescent light source 6 whose one end 6A is
coupled to an AC power supply unit 8 through an electric
wire 10. As shown, the end 6A of the light source 6 is

located outside the aquarium 1, above the water level
2A. while an opposite end 6B of the light source 6 is
located inside the underwater space 2. A tip 12 hermet-
ically seals the end 6B from the water penetration there-
in.
[0018] The electroluminescent light source 6 oper-
ates in the following manner. It has at least one light-
emitting element, which typically includes an inner wire
electrode coated by dielectric and electroluminescent
layers, and an outer electrode in the form of a transpar-
ent conducting layer. The supply of alternating voltage
with a frequency of about 50-4000Hz and an amplitude
about 50-250VRMS to electrodes of the light emitting
element, causes the emission of light of a certain color
(i.e., frequency range), depending on the kinds of elec-
troluminophore and filters used in the light source. The
main principles of implementing an electroluminescent
light source having one or more light-emitting elements
are known per se, being described for example in U.S.
Patents Nos. 5,485,355 and 5,869,930, assigned to the
assignee of the present application.
[0019] It is generally known that an electrolumines-
cent light source is highly susceptible to damage and
malfunction caused by exposure to moisture. This fea-
ture hardens its use for applications requiring the ac-
commodation of the light source under water. When sur-
rounding the electroluminescent light source by a trans-
parent flexible insulating layer, the water steam, whilst
diffusing therethrough, penetrates into the inner electro-
luminescent layer, which significantly decreases the life-
time of the light source.
[0020] It has been found by the inventors, that the
substantial decrease of the lifetime of a light source of
the kind specified above occurs within several days
when the average relative moisture of the surrounding
medium is more than 80%. When the average relative
moisture is between 70% and 80%, the changes in its
lifetime are negligible, and are not observed at all when
the average relative moisture is less than 70%. Hence,
to prevent an undesirable decrease in the lifetime of the
light source. the average relative moisture of a sur-
rounding medium should be maintained at a level less
than 70%. This is implemented in the following manner.
[0021] Fig. 2 is a longitudinal section view of the light
source 6 constructed according to one possible exam-
ple of the invention suitable to be used in the illumination
system 4. In this specific example, the light source 6 in-
cludes a single elongated flexible light-emitting element
14 which is coated by inner and outer insulating sheaths
16 and 18 spaced-apart from each other by a spacer 20.
The inner insulating sheath 16 is made of a flexible
transparent polymer material, such as polyethilene,
having the thickness of 0.3-0.5mm. The outer insulating
sheath 18 is made of a flexible transparent polymer hav-
ing the thickness of 0.5-1mm. The spacer 20 is a poly-
mer thread in the form of a cylindrical spiral having the
diameter of 0.4-2mm, which encloses the inner sheath
16. The inner and outer insulating sheaths 16 and 18
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define a continuous air gap 22 therebetween, whose
width is approximately equal to the diameter of the spac-
er 20. This air gap 22 freely communicates with air me-
dium 24, surrounding the underwater space 2 (i.e., the
aquarium 1).
[0022] It is understood that the air circulation through
this air gap 22 would result in that the molecules of wa-
ter, that might have passed through the outer insulating
sheath 18, will be carried away by the circulated air flow
and will be brought outside the air gap 22. As a result,
the average relative moisture in the air gap 22 in the
vicinity of the inner insulating sheath 16 becomes close
to that of the air at home in which the aquarium 1 is lo-
cated. The average relative moisture at home is practi-
cally less than 70%.
[0023] Turning now to Figs. 3 a and 3b, the spacer 20
separating the inner and outer insulating sheaths16 and
18 is in the form of a strip having a triangular cross-sec-
tion. The height of the spacer 20 is approximately 1mm.
The spacer 20 is integrally made with either of the insu-
lating sheaths 16 or 18, thereby making the light source
6 detachable and non-detachable, respectively.
[0024] In the example of Fig. 3a, the spacer 20 is in-
tegrally made with the outer sheath 18 being formed di-
rectly on the surface of the inner sheath 16. In this case
the light source 6 is non-detachable.
[0025] According to the example of Fig. 3b, the spacer
20 is integrally made with the inner sheath 16, and the
outer sheath 18 is designed like a flexible transparent
polymer tube having the wall thickness about 0.5-1mm.
The inner sheath 16, together with the spacer 20, is in-
stalled inside this tube 18. Consequently, in this case,
the light source 6 is detachable.
[0026] Fig. 4 exemplifies an electroluminescent light
source 106 having a somewhat different construction as
compared to the previously described examples. The
same reference numbers are used for identifying those
components which are identical in the elements 6 and
106. In the light source 106, capsules 26 containing a
moisture absorber, for example alumogel, are provided,
being accommodated within the air gap 22 in a spaced-
apart relationship along the gap. The outer insulating
sheath 18 is in the form of a flexible transparent tube.
By removing this tube, the capsules 26 could be re-
placed by new ones, which may be performed once in
several months.
[0027] Fig. 5 illustrates yet another example of a light
source 206 suitable to be used in the illumination system
4. Similarly, to facilitate understanding, those compo-
nents which are common in the constructions of Figs. 2,
4 and 5 are identified by the same reference numbers.
The light source 206 includes a plurality of light-emitting
elements - three in the present example, 14A. 14B and
14C. The light-emitting elements have electrolumino-
phors and different spectral filters proving their lumines-
cence with blue, yellow and red colors, respectively.
Each of the emitting elements 14A, 14B and 14C has
its own inner insulating sheath designated16A, 16B and

16C, respectively. All the emitting elements 14A-14C to-
gether with their inner insulating sheaths 16A-16C are
mounted inside the outer insulating sheath 18 of the en-
tire light source 206. The continuous air gap 22 is formed
within a space between the inner sheaths 16A-16C and
the outer sheath 18.
[0028] It should be noted although not specifically
shown, that the power supply unit 8 may comprise a plu-
rality of programmable connection ports for connecting
thereto the emitting elements. This allows for maximiz-
ing the decorative illumination effect. Additionally, the il-
lumination system may comprise a sensor means that
shifts the system from its operative position to its inop-
erative position, upon detecting that ambient light reach-
es a predetermined value.
[0029] Reference is now made to Fig. 6, illustrating
the aquarium 1 equipped with an illumination system
104 constructed according to another embodiment of
the invention. The same reference numbers are used
for identifying common components in the systems 4
and 104. Here, in distinction to the system 4, both ends
6A and 6B of the electroluminescent light source 6 are
located outside the aquarium 1, i.e., above the water
level 2A. The end 6A is coupled to the AC power supply
unit 8 through the electric wire 10. As for the opposite
end 6B, the air gap (not shown here) at this end is cou-
pled to a compressor 28 through a tube 29. Periodical
actuation of the compressor 28 provides relatively
strong air circulation through the air gap, as compared
to that in the absence of the compressor 28, which sig-
nificantly reduces the possibility of the moisture pene-
tration towards the inside of the light-emitting element
of the light source 6. It should be understood, although
not specifically shown, that the light source may com-
prise one or more light-emitting element, being con-
structed as described above with reference to either of
Figs. 2, 3a, 3b, 4 or 5.
[0030] Fig. 7 illustrates an aquarium 1 equipped with
an illumination system 204 having a somewhat different
construction as compared to the systems 4 and 104.
The illumination system 204 is associated with an oxy-
gen enrichment system 30 of the aquarium 1. To this
end, the compressor 28 serves for supplying air to a po-
rous tip 32 through the transparent tube 29. Air, in the
form of small balls 34 (bubbles), penetrates into the un-
derwater space 2 through the tip 32. The electrolumi-
nescent light source 6 is located inside the tube 29. The
end 6A of the light source 6 located inside the tube 29
is hermetically sealed by the tip 12, while the opposite
end 6B is taken away from the tube 29 so as to be out-
side the aquarium 1. The electrodes (not shown) of the
light source 6 at the end 6B are electrically connected
to the power supply unit 8 though the wire 10.
[0031] The advantages of the present invention are
thus self-evident. The illumination system has a simple
construction, and is relatively light in weight as com-
pared to those based on the use of standard lamps and
optical fibers. Due to the provision of the continuous air
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gap between the inner and outer insulating sheaths of
the electroluminescent light source, which air gap freely
communicates with an air medium surrounding the un-
derwater space, the invented system provides safety
means for preventing the light source from being affect-
ed by water, and thereby from the reduction of its life-
time.
[0032] Those skilled in the art will readily appreciate
that various modifications and changes may be applied
to the preferred embodiments of the invention, as here-
inbefore exemplified without departing from its scope
defined in and by the appended claims. For example,
the power supply unit may be of any known kind, the
use of the AC power supply enhancing the brightness
of illumination. The light source may comprise one or
more light-emitting elements.

Claims

1. An illumination system (4; 104; 204) for illuminating
an underwater space (2), the system comprising a
light source (6; 106; 206) accommodated substan-
tially inside said underwater space, and a power
supply unit (8) accommodated outside said under-
water space and connected to the light source, the
system being characterized by that:

- said light source is an elongated flexible elec-
troluminescent light source, which has at least
one light-emitting element (14) located inside
an inner insulating sheath (16), and has an out-
er insulating sheath (18), wherein the inner in-
sulating sheath and said outer insulating
sheath are separated by a continuous air gap
(22) coupled to an air region (24) outside the
underwater space;

- said power supply unit is connected to one end
(6A) of the electroluminescent light source,
wherein at least said one end of the light source
is located outside said underwater space.

2. The system according to Claim 1, wherein the un-
derwater space is located inside an aquarium (1).

3. The system according to Claim 1, wherein said at
least one light-emitting element is a substantially
flat strip having at least one light-emitting surface.

4. The system according to Claim 1, wherein said at
least one light-emitting element is a filament emit-
ting radiation in all directions.

5. The system according to Claim 1, wherein an op-
posite end (6B) of said at least one light source is
located inside said underwater space.

6. The system according to Claim 5, wherein said op-

posite end is hermetically sealed from penetration
of the water into the air gap.

7. The system according to Claim 1 and also compris-
ing at least one additional light-emitting element
(14A, 14B, 14C) each having a corresponding inner
insulating sheath (16A, 16B, 16C).

8. The system according to Claim 7, wherein the light-
emitting elements emit radiation of different spectral
ranges.

9. The system according to Claim 7, wherein Said
power supply unit has a plurality of connection ports
each for connecting the light-emitting element
thereto.

10. The system according to Claim 1, wherein said out-
er insulating sheath is integral with said at least one
light-emitting element, the light source being non-
detachable.

11. The system according to Claim 1, wherein said out-
er insulating sheath is a substantially flexible sub-
stantially transparent tube having a cross-section
such as to be mounted on and removed from an
inner side of the light source, the light source being
detachable.

12. The system according to Claim 11, and also com-
prising a moisture absorber (26) accommodated in-
side said tube.

13. The system according to Claim 1, wherein an op-
posite end (6B) of said light source is located out-
side the underwater space, the ends of the light
source being opened for connecting said air gap
with the air region outside the space.

14. The system according to Claim 13, wherein said air
gap is connected to a compressor (28) intensifying
air circulation within the gap.

15. The system according to Claim 2, wherein said light
source is accommodated inside a substantially
transparent tube (29) through which air is supplied
into the aquarium.
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